EP 3 404 356 A1

Patent Office

s et (11) EP 3 404 356 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e Hllmlmll‘m||m||‘||Hm|‘|H||m|‘|||m|‘|m| |H|‘H||H‘|H||‘
Patentamt
0 European

(43) Date of publication: (51 IntCl.:
21.11.2018 Bulletin 2018/47 GO1B 11/02 (2006.0) BO5D 1/26 (2006.0%)
B05D 3/00 (200627 GO01B 11/24 (2006.01)

(21) Application number: 17738387.4
(86) International application number:

(22) Date of filing: 10.01.2017 PCT/JP2017/000477

(87) International publication number:
WO 2017/122633 (20.07.2017 Gazette 2017/29)

(84) Designated Contracting States: (71) Applicant: NTN Corporation
AL AT BEBG CH CY CZDE DKEE ES FIFRGB Osaka-shi, Osaka 550-0003 (JP)
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR (72) Inventor: OHBA, Hiroaki
Designated Extension States: lwata-shi
BA ME Shizuoka 438-8510 (JP)
Designated Validation States:
MA MD (74) Representative: Bockhorni & Briintjen
Partnerschaft
(30) Priority: 13.01.2016 JP 2016004464 Patentanwilte mbB
29.11.2016 JP 2016231674 Elsenheimerstrafe 49
80687 Miinchen (DE)

(54) METHODFORMEASURING VOLUME OF MINUTEPROTRUSION,AND METHOD OF APPLYING
LIQUID MATERIAL

(67)  Amethod of measuring a volume of a micro pro-
jection includes: measuring a three-dimensional shape
of the micro projection using white-light interferometry FIG5

(S102); comparing a height at which a first peak of an START

envelope of an interference lightintensity is detected with

a height of a reference plane, and extracting a portion ~S1o1
higherthan the reference plane as a projection top portion APPLY LIQUID DROPLET

of the micro projection (S103); detecting a height of the

extracted projection top portion (S 104); detecting, as a 5102
diameter, any one of a lateral dimension, a longitudinal MEASURE SHAPE
dimension, and an average of the lateral dimension and

the longitudinal dimension of a circumscribed quadrangle ¢ S103
in an area that constitutes the projection top portion and EXTRACT LIQUID DROPLET

a region having a height different from the height of the TOP PORTION

reference plane, the region including or being in contact 5104

with the projection top portion (S 105); and calculating
the volume of the micro projection based on the height
of the projection top portion and the diameter (S106).

DETECT HEIGHT OF
LIQUID DROPLET

5105

DETECT DIAMETER OF
LIQUID DROPLET

v -S106

CALCULATE VOLUME OF
LIQUID DROPLET

END

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 404 356 A1
Description
TECHNICAL FIELD

[0001] The presentinvention relates to a method of measuring a volume of a micro projection and a method of applying
a liquid material.

BACKGROUND ART

[0002] A method of detecting a height of an ink applied by an application apparatus is known. For example, according
to Japanese Patent Laying-Open No. 2015-007564 (PTD 1), an application apparatus described therein positions an
objective lens above an ink applied portion formed by an ink applied onto a surface of a substrate, and then, picks up
an image with a Z stage being moved . For each of a plurality of pixels forming the image obtained by image pick-up,
the application apparatus determines a Z stage position where a contrast value peaks, and a height of the ink applied
portion based on the determined Z stage position.

CITATION LIST

PATENT DOCUMENT

[0003] PTD 1: Japanese Patent Laying-Open No. 2015-007564
SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] However, the contrast of the interference light in Figs. 7(a), 10 and 11 of PTD 1 is high in a location such as a
flat surface where the regular reflected light is obtained, and is low in a location such as an inclined surface where it is
difficult to obtain the regular reflected light.

[0005] The application mechanism described in PTD 1 can apply a high viscosity ink. In the case of a high viscosity
ink, a contact angle between the applied ink and a substrate is large, and thus, the regular reflected light is not obtained
at an edge of the ink and no interference fringe occurs. Therefore, the height cannot be detected in some cases. The
volume calculation formula described in PTD 1 is an integral value of the height of the ink applied portion and is based
on the premise that the height of the entire applied portion can be detected. Therefore, when the height of a part of the
applied portion cannot be detected as described above, it is difficult to calculate the volume.

[0006] Generally, a volume Vol of a spherical object can also be calculated in accordance with the following formula
(1), based on a radius and a top height of the spherical object:

Vol = (1/6)r x hp x (3R? + hp?) - (1)

where hp represents the top height, and R represents the radius. As described above, in the case of a high viscosity
ink, a contact angle is large at an edge of the ink and no interference fringe occurs, and thus, the height cannot be
detected in some cases. In such a case, radius R cannot be obtained and volume Vol cannot be calculated in accordance
with the formula (1).

[0007] As described above, when an ink has a high viscosity and no interference fringe occurs and thus a height of
an entire applied portion cannot be detected, a volume of a liquid droplet cannot be directly detected based on image
data showing a three-dimensional shape as described in the patent document.

[0008] Accordingly, anobject of the presentinvention is to provide a method of measuring a volume of a micro projection
and a method of applying a liquid material, which allow calculation of a volume of a liquid droplet even when a height
cannot be detected at an edge of the liquid droplet.

SOLUTION TO PROBLEM
[0009] A method of measuring a volume of a micro projection in the present invention includes: measuring a three-

dimensional shape of the micro projection using white-light interferometry; comparing a height at which a first peak of
an envelope of an interference light intensity is detected with a height of a reference plane, and extracting a portion
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higher than the reference plane as a projection top portion of the micro projection; detecting a height of the extracted
projection top portion; detecting, as a diameter, any one of a lateral dimension, a longitudinal dimension, and an average
of the lateral dimension and the longitudinal dimension of a circumscribed quadrangle in an area that constitutes the
projection top portion and a region having a height different from the height of the reference plane, the region including
or being in contact with the projection top portion; and calculating the volume of the micro projection based on the height
of the projection top portion and the diameter.

[0010] Preferably, the region having the height different from the height of the reference plane is a height-undetected
portion including or being in contact with the projection top portion.

[0011] Preferably, the region having the height different from the height of the reference plane is a height-detected
portion lower than the reference plane, the height-detected portion including the projection top portion.

[0012] Preferably, the detecting the height includes detecting a maximum height of the projection top portion as the
height of the projection top portion.

[0013] Preferably, the detecting the height includes detecting, as the height of the projection top portion, an average
height or a median value of a highest portion of the projection top portion and a portion near the highest portion.
[0014] Preferably, the micro projection is a liquid droplet adhering to a substrate.

[0015] Preferably, the liquid droplet is formed on the substrate by any one of an application needle, an ink jet and a
dispenser.

[0016] A method of applying a liquid material in the present invention is an application method by causing a liquid
material to adhere to a tip portion of an application needle, positioning the application needle at a predetermined position
above an object, moving down and up the application needle and applying the liquid material onto the object, to form a
liquid material layer made of the liquid material. The method of applying a liquid material includes: measuring a three-
dimensional shape of a micro projection using white-light interferometry; comparing a height at which a first peak of an
envelope of an interference light intensity is detected with a height of a reference plane, and extracting a portion higher
than the reference plane as a projection top portion of the micro projection; detecting a height of the extracted projection
top portion; detecting, as a diameter, any one of a lateral dimension, a longitudinal dimension, and an average of the
lateral dimension and the longitudinal dimension of a circumscribed quadrangle in an area that constitutes the projection
top portion and a height-undetected portion including or being in contact with the extracted projection top portion or a
height-detected portion lower than the reference plane, the height-detected portion including the detected projection top
portion; calculating a volume of the micro projection based on the height of the projection top portion and the diameter;
and when the volume calculated in the calculating the volume of the micro projection is smaller than a threshold value,
repeatedly applying the liquid material until the number of times of application exceeds the specified number of times.

ADVANTAGEOUS EFFECTS OF INVENTION

[0017] According to the present invention, a volume of a liquid droplet can be calculated even when a height cannot
be detected at an edge of the liquid droplet.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

Fig. 1 is a perspective view showing an overall configuration of a microscopic application apparatus 1 including the
function of measuring a volume of a liquid droplet as a typical example of an embodiment of the present invention.
Fig. 2 is a perspective view showing a main portion of an observation optical system 2 and an ink application
mechanism 5.

Figs. 3(A) to (C) show the main portion when viewed from an A direction in Fig. 2.

Fig. 4 is an arrangement diagram of optical elements of observation optical system 2.

Fig. 5 is a flowchart showing a procedure for measuring the volume of the liquid droplet in the embodiment of the
present invention.

Fig. 6 shows an envelope of the interference light intensity.

Fig. 7 is a flowchart showing a procedure for determining a position (height) of a Z stage 8 where the interference
light intensity peaks, using a modulation contrast mi(x, y).

Fig. 8 is a flowchart showing a procedure for determining a position (height) of Z stage 8 where the interference
light intensity peaks, using modulation contrast mi(x, y).

Fig. 9 shows N areas Si (i = 1 to N) forming a reference plane in a height image H and an area A including a liquid
droplet top.

Fig. 10 shows a top height hp of the liquid droplet.

Figs. 11(A) to (C) show an image C, an image F and an image |.
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Fig. 12 shows a volume Vol of the liquid droplet, top height hp of the liquid droplet, and a radius R of the liquid droplet.
Fig. 13 is a diagram for illustrating a pixel value f(x, y) and a pixel height h(x, y) in a liquid droplet outer circumferential
portion.

Fig. 14 is a diagram for illustrating pixel value f(x, y) and pixel height h(x, y) in the liquid droplet outer circumferential
portion when a surface of a substrate has a high reflectivity.

Figs. 15(A) to (C) show an image C, an image F and an image |.

DESCRIPTION OF EMBODIMENTS
[0019] An embodiment of the present invention will be described hereinafter with reference to the drawings.
[Overall Configuration]

[0020] Fig. 1is a perspective view showing an overall configuration of a microscopic application apparatus 1 including
the function of measuring a volume of a liquid droplet as a typical example of an embodiment of the present invention.
[0021] Referring to Fig. 1, microscopic application apparatus 1 includes: an application head portion composed of an
observation optical system 2, a CCD (Charge-Coupled Device) camera 3, a cutting laser device 4, an ink application
mechanism 5, and a light source for ink curing 6; a Z stage 8 configured to move the application head portion in a vertical
direction (Z-axis direction) with respect to a substrate 7 to be coated; an X stage 9 configured to have Z stage 8 mounted
thereon and move Z stage 8 in an X-axis direction; a Y stage 10 configured to have substrate 7 mounted thereon and
move substrate 7 in a Y-axis direction; a control computer 11 configured to control the total operation of microscopic
application apparatus 1; a monitor 12 configured to display an image and the like taken by CCD camera 3; and an
operation panel 13 through which a command from an operator is input to control computer 11.

[0022] Observation optical system 2 includes a light source for lighting and observes a surface state of substrate 7
and a state of an ink applied by ink application mechanism 5. An image observed by observation optical system 2 is
converted to an electric signal by CCD camera 3 and displayed on monitor 12. Cutting laser device 4 irradiates substrate
7 with a laser beam through observation optical system 2 to remove a metal film and the like.

[0023] Ink application mechanism 5 applies an ink onto substrate 7 to form an electrode and the like. Light source for
ink curing 6 includes, for example, a CO, laser and irradiates the ink applied by ink application mechanism 5 with a laser
beam to cure the ink.

[0024] The configuration of microscopic application apparatus 1 is one example, and microscopic application apparatus
1 may have, for example, a configuration called "gantry style" in which Z stage 8 having observation optical system 2
and the like mounted thereon is mounted on X stage 9 and further X stage 9 is mounted on Y stage 10 and Z stage 8
is movable in an X-Y direction. Microscopic application apparatus 1 may have any configuration as long as Z stage 8
having observation optical system 2 and the like mounted thereon is movable in the X-Y direction relative to substrate 7.
[0025] Next, an example of ink application mechanism 5 including a plurality of application needles 18 will be described.
Fig. 2 is a perspective view showing a main portion of observation optical system 2 and ink application mechanism 5.
Referring to Fig. 2, observation optical system 2 and ink application mechanism 5 include a movable plate 15, a plurality
of (e.g., five) objective lenses 16 having different magnifications, and a plurality of (e.g., five) application units 17 for
applying inks of different colors.

[0026] Movable plate 15 is provided so as to be movable in the X-axis direction and in the Y-axis direction between
a lower end of an observation lens barrel 2a of observation optical system 2 and substrate 7. In addition, five through
holes 15a corresponding to five objective lenses 16, respectively, are formed in movable plate 15.

[0027] Five through holes 15a are fixed to a lower surface of movable plate 15 at prescribed intervals in the Y-axis
direction. Five application units 17 are arranged so as to be adjacent to five objective lenses 16, respectively. By moving
movable plate 15, desired application unit 17 can be arranged above an application position.

[0028] Figs. 3(A) to (C) show the main portion when viewed from an A direction in Fig. 2, and show the ink application
operation.

[0029] Application unit 17 includes application needle 18 and an ink tank 19.

[0030] First,asshowninFig.3(A), application needle 18 of desired application unit 17 is positioned above the application
position. At this time, a tip portion of application needle 18 is immersed in an ink in ink tank 19.

[0031] Next, as shown in Fig. 3(B), application needle 18 is moved down, such that the tip portion of application needle
18 protrudes from a hole of a bottom of ink tank 19. At this time, the tip portion of application needle 18 has the ink
adhering thereto.

[0032] Next, as shown in Fig. 3(C), application needle 18 and ink tank 19 are moved down to bring the tip portion of
application needle 18 into contact with the application position, and the ink is thereby applied.

[0033] Thereafter, the main portion returns to the state shown in Fig. 3(A).

[0034] In addition to the foregoing, various techniques of ink application mechanism 5 including the plurality of appli-
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cation needles 18 are known, and thus, a detailed description will not be repeated. These techniques are described in,
for example, PTD 1 (Japanese Patent Laying-Open No. 2009-122259) and the like. Microscopic application apparatus
1 can apply a desired ink of the plurality of inks by using, for example, the mechanism shown in Fig. 2 as ink application
mechanism 5, and can apply the ink by using application needle 18 having a desired application diameter, of the plurality
of application needles 18.

[0035] A description has been given of the example in which the function of measuring a volume of a liquid droplet is
integrally incorporated into the microscopic application apparatus including application needles 18. However, other
mechanisms such as, forexample, an ink jet and a dispenser can also be used as a mechanism for applying a microscopic
liquid droplet. In addition, as the function of measuring a volume of a projection having a shape that forms a part of an
almost sphere, the present invention may be incorporated into a three-dimensional shape measuring apparatus and the
like using two-beam interference. Furthermore, as long as a projection has a shape that forms a part of an almost sphere,
the present invention is applicable not only to the liquid droplet but also to a solid projection such as a microlens.
[0036] In addition, although ink application mechanism 5 including the plurality of application needles 18 in Fig. 2 is
used in microscopic application apparatus 1 according to the present embodiment, the present invention is not limited
to the ink application mechanism in Fig. 2 and the means such as a dispenser and an ink jet that can apply a liquid
material in a spherical form may be used.

[Principle of Detecting Height]

[0037] Next, the principle of detecting a height of a liquid droplet will be described.

[0038] A Mirau-type interference objective lens 39 is one type of two-beam interference objective lens. By utilizing the
characteristic that the interference light intensity is maximized at a focal position of Mirau-type interference objective
lens 39, an image of the interference light is obtained, with Z stage 8 being moved in the Z-axis direction relative to
substrate 7. For each pixel of a plurality of images, a position of Z stage 8 in the Z-axis direction where the interference
light intensity is maximized is determined, to thereby detect a height of a liquid droplet. This method of measuring the
height is suitable for detecting a micro height of not more than several micrometers.

[0039] Mirau-type interference objective lens 39 separates the white light emitted from the light source for lighting
included in observation optical system 2 into two beams, and irradiates a surface of an object with one of the two beams
and irradiates a reference plane with the other beam, to thereby cause the light reflected from the surface of the object
and the light reflected from the reference plane to interfere with each other.

[0040] A white light source is used as the light source for lighting included in observation optical system 2. In the case
of using the white light source, the interference lightintensity is maximized only at a focal position of Mirau-type interference
objective lens 39, unlike the case of using a single wavelength light source such as a laser. Therefore, the white light
source is suitable for measuring a height of a liquid droplet.

[0041] Fig. 4 is an arrangement diagram of optical elements of observation optical system 2. Mirau-type interference
objective lens 39 includes a lens 31, a reference mirror 32 and a beam splitter 33.

[0042] A filter 36 is provided in an emission portion of incident light source 34 by a filter switching device 35.

[0043] When the light emitted from incident light source 34 passes through filter 36, the white light having a center
wavelength of A (nm) is obtained.

[0044] The light having passed through filter 36 is reflected in a direction of lens 31 by a half mirror 37. The light having
entered lens 31 is divided by beam splitter 33 into the light passing in a direction of substrate 7 and the light reflected
in a direction of reference mirror 32. The light reflected from a surface of substrate 7 and the light reflected from a surface
of reference mirror 32 join again in beam splitter 33 and are gathered by lens 31. Thereafter, the light having exited from
lens 31 passes through half mirror 37, and then, enters an image pick-up surface 3 a of CCD camera 3 through an
image-forming lens 38.

[0045] Normally, Mirau-type interference objective lens 39 is moved in an optical axis direction using Z stage 8, to
thereby generate an optical path length difference between the light reflected from the surface of substrate 7 and the
light reflected from the surface of reference mirror 32. Then, an image of the interference light generated due to the
above-described optical path length difference is picked up by CCD camera 3, with Mirau-type interference objective
lens 39 being moved by Z stage 8. The intensity of this interference light, i.e., brightness is maximized when the optical
path length of the light reflected from substrate 7 is equal to the optical path length of the light reflected from reference
mirror 32. In addition, the surface of substrate 7 is put into focus at this time.

[0046] In addition to Z stage 8, substrate 7 itself may be moved up and down using the table, or a piezo table may be
attached to a coupling portion of Mirau-type interference objective lens 16 and observation optical system 2 to thereby
move up and down the position of Mirau-type interference objective lens 39.

[0047] Although the Mirau-type interference objective lens is used in the present embodiment, a Michelson-type or
Riniku-type interference objective lens may be used.
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[Process for Measuring Volume]

[0048] Fig. 5 is a flowchart showing a procedure for measuring a volume of a liquid droplet in the embodiment of the
present invention. Each step in this flowchart is performed under control of control computer 11.

[0049] In step S101, a liquid material having adhered to the tip of application needle 18 is applied onto substrate 7
and a liquid droplet is applied. Specifically, the liquid material having adhered to the tip of application needle 18 is applied
onto substrate 7 by ink application mechanism 5 of microscopic application apparatus 1 in Fig. 1.

[0050] In step S102, a three-dimensional shape of the liquid droplet is measured using white-light interferometry.
Specifically, an image of the interference light is picked up by CCD camera 3, with Mirau-type interference objective
lens 39 being moved in the optical axis direction by Z stage 8, to thereby obtain a plurality of images. For each pixel in
the plurality of images, a position of Z stage 8 where the interference light intensity peaks is determined, to thereby
detect a height of the liquid droplet.

[0051] Z stage 8 moves in the Z-axis direction at a predetermined speed v (um/sec). The movement direction of the
Z stage is shown by an arrow AR1 in Fig. 4, and a direction of moving away from substrate 7 is defined as + direction
and a direction of coming closer to substrate 7 is defined as-direction. Herein, Z stage 8 is moved in the direction of
coming closer to substrate 7 (- direction) from above substrate 7. Speed v (um/sec) of Z stage 8 is set as follows. A
center wavelength of the white light is represented by A (wm) and a frequency of a vertical synchronization signal of
CCD camera 3 is represented by f (Hz). Then, movement speed v (nm/sec) is set such that Z stage 8 moves by A/8
(wm) during an image sampling cycle 1/f (sec). That is, movement speed v of Z stage 8 is expressed as v = (A/8) X f
(wm/sec). This movement speed v corresponds to a phase increment of the white light of n/2. By changing the phase
in increments of n/2, a modulation contrast mi(x, y) of the interference light in a (x, y) coordinate can be calculated in
accordance with the formula (2):

- m; Z\Rgi—l(‘x’y)_giﬂ (xa.}’)}z +{g.2(%, )~ g, Mg/ (%))~ g (X, )} /22

[0052] Inthe formula (2), i represents a frame number (image number). i is set to be not less than 1 and not more than
ISIZE. That is, an image of the first frame to an image of the (ISIZE) frame are obtained.

[0053] gi(x, y) represents a pixel value, at the position (x, y), of an image Gi of the i frame taken by CCD camera 3.
This pixel value indicates a luminance, at the position (x, y), of corresponding image pick-up surface 3a of the CCD
camera, and corresponds to the interference light intensity. In addition, modulation contrast mi(x, y) corresponds to an
envelope of the interference light intensity as shown in Fig. 6. x represents a position of the pixel in the X-axis direction,
and y represents a position of the pixel in the Y-axis direction. x is set to be not less than 1 and not more than XSIZE.
y is set to be not less than 1 and not more than YSIZE.

[0054] Since a peak of this envelope matches with a peak of the interference light intensity, the peak of the envelope
is determined in step S102. However, when the ink is transparent, the interference light caused by the light reflected
from a rear surface of the ink is detected and the intensity of this interference light may in some cases be higher than
the intensity of the interference light caused by the light reflected from a front surface of the ink, and thus, the position
of Z stage 8 at the first detected peak of the envelope is determined.

[0055] Now, modulation contrast mi(x, y) at the position (x, y) is represented by a maximum value max(x, y). In addition,
the number of times that does not continuously satisfy mi(x, y) > max(x, y) in step S206 described below is represented
by cnt(x, y).

[0056] An image in which the pixel value of the pixel (x, y) takes maximum value max(x, y) is defined as a contrast
maximum image MAX

[0057] A frame numberiwhen modulation contrast mi(x, y) shows the maximum value in the pixel (x, y) is represented
by id(x, y). An image in which the pixel value of the pixel (x, y) takes id(x, y) is defined as a frame number image ID.
[0058] In addition, f(x, y) = 1 is set when the peak is detected at the position (X, y), and f(x, y) = 0 is set when the peak
is not detected at the position (x, y). An image in which the pixel value of the pixel (x, y) takes f(x, y) is defined as a
detected identification image F.

[0059] Figs. 7 and 8 are flowcharts showing a procedure for determining a position (height) of Z stage 8 where the
interference light intensity peaks, using modulation contrast mi(x, y).

[0060] In step S200, for all x and y satisfying 1 < x < XSIZE and 1 <y <YSIZE, max(x, y) =0, cnt(x, y) =0, f(x, y) = 0,
and id(x, y) =-1 are set and i is set at 1.

[0061] In step S201, x is set at 1.

[0062] In step S202,y is set at 1.

[0063] In step S203, the process proceeds to step S204 when f(x, y) = 1 is satisfied, and the process proceeds to step
S211 when f(x, y) = 0 is satisfied.
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[0064] In step S204, modulation contrast mi(x, y) is calculated in accordance with the formula (2).

[0065] In step S205, the process proceeds to step S206 when mi(x, y) is larger than a prescribed threshold value T,
and the process proceeds to step S211 when mi(x, y) is equal to or smaller than prescribed threshold value T.

[0066] Instep S206, the process proceeds to step S207 when mi(x, y) > max(x, y) is satisfied, and the process proceeds
to step S210 when mi(x, y) < max(x, y) is satisfied.

[0067] Instep S207,when S > cnt(x, y)is not satisfied, the process proceeds to step S211 and max(x, y) is not updated.
That is, maximum value max(x, y) of the pixel (x, y) is confirmed.

[0068] In step S207, when S < cnt(x, y) is satisfied, the process proceeds to step S208.

[0069] In step S208, cnt(x, y) = 0 is set, and then, the process proceeds to step S209.

[0070] In step S209, max(x, y) is set at the value of mi(x, y), id(x, y) is set at the value of i, and f(x, y) is set at 1.
[0071] In step S210, cnt(x, y) is incremented by 1, and then, the process proceeds to step S211.

[0072] In step S211, the process proceeds to step S212 when y = YSIZE is satisfied, and the process proceeds to
step S213 when y = YSIZE is not satisfied.

[0073] In step S212, y is incremented by 1. Thereafter, the process returns to step S203.

[0074] In step S213, the process proceeds to step S215 when x = XSIZE is satisfied, and the process proceeds to
step S214 when x = XSIZE is not satisfied.

[0075] In step S214, x is incremented by 1. Thereafter, the process returns to step S202.

[0076] In step S215, the process proceeds to step S217 when i = ISIZE is satisfied, and the process proceeds to step
S216 when i = ISIZE is not satisfied.

[0077] In step S216, iis incremented by 1. Thereafter, the process returns to step S201.

[0078] Asaresultofthe above-described process, modulation contrast mi(x, y) of the first detected peak of the envelope
is stored in the pixel (x, y) satisfying f(x, y) = 1, of contrast maximum image MAX Number id(x, y) of the first detected
peak of the envelope is stored in frame number image ID.

[0079] In step S217, with a position of Z stage 8 when an image having frame number i of "1" is obtained being the
point of origin, a position (height) h(x, y) of Z stage 8 where the interference light intensity is maximized is calculated in
accordance with id(x, y) X A/8 (wm). An image in which the pixel value of the pixel (x, y) takes height h(x, y) is defined
as a height image H.

[0080] Referring again to Fig. 5, in step S103, a height at which the first intensity peak of the interference light is
detected is compared with a reference plane, and a liquid droplet top portion is thereby extracted.

[0081] Specifically, as shown in Fig. 9, N areas forming the reference plane in height image H is represented by Si (i
=1toN), and an areaincluding the liquid droplet top is represented by A. Area A and areas Si (i = 1 to N) are predetermined
by the operator with reference to the image displayed on monitor 12, and coordinate values thereof are stored in control
computer 11.

[0082] Control computer 11 extracts the pixels satisfying f(x, y) = 1 from the pixels included in areas S1 to SN, and
calculates an average value of heights h(x, y) of the extracted pixels as an average height havg of the reference plane.
In addition, control computer 11 extracts the pixels satisfying f(x, y) = 1 from the pixels included in area A, and extracts
the pixels whose heights h(x, y) satisfy h(x, y) > havg + Ah as the liquid droplet top portion. The extracted liquid droplet
top portion is shown in Fig. 11(A). Ah is a value prestored in control computer 11 and adjusted so as to allow extraction
of the liquid droplet top portion by a preliminary test and the like.

[0083] In step S104, a height of a top of the liquid droplet top portion extracted in step S103 is detected.

[0084] Specifically, control computer 11 extracts a pixel (xp, yp) having maximum h(x, y) as the top, of the pixels of
the liquid droplet top portion extracted in step S103, and subtracts average height havg of the reference plane from a
height h(xp, yp) as shown in Fig. 10, to thereby calculate a top height hp.

[0085] In step S105, an average of a lateral dimension and a longitudinal dimension of a circumscribed quadrangle
in an area is detected as a diameter, the area constituting the liquid droplet top portion and an unmeasured portion
including or being in contact with the liquid droplet top portion.

[0086] Specifically, control computer 11 creates an image C shown in Fig. 11(A). A pixel value c¢(x, y) of image C at
the position (x, y) is set at "1" when height h(x, y) of the pixel (x, y) satisfies h(x, y) > havg + Ah (Ah > 0), and is otherwise
setat"0".

[0087] Inaddition, control computer 11 sets a pixel value f(x, y) of animage F shown in Fig. 11(B) at"1" when modulation
contrast mi of the pixel (x, y) exceeds threshold value T, and otherwise sets pixel value f(x, y) at "0".

[0088] The process when modulation contrast mi falls below threshold value T with regard to image F will now be
described with reference to Fig. 13. In Fig. 13, the horizontal axis represents an x coordinate of a pixel, and the vertical
axis in the upper part represents pixel height h(x, y) and the vertical axis in the lower part represents pixel value f(x, y).
[0089] An outer circumferential portion of the liquid droplet having a cross section shown in Fig: 10 that comes into
contact with the substrate has a high ink surface tension, and has a higher curvature than that of a liquid droplet central
portion. Most of the light applied to the location having a high curvature is not reflected in the optical axis direction of
the objective lenses, and thus, a generated interference fringe has low contrast.



10

15

20

25

30

35

40

45

50

55

EP 3 404 356 A1

[0090] Therefore, in the outer circumferential portion of the liquid droplet, modulation contrast mi falls below threshold
value T, and pixel value f(x, y) is "0" as shown in a section x1 to x2 and a section x3 to x4 in Fig. 13. As a result, in the
outer circumferential portion indicated by the section x1 to x2 and the section x3 to x4, pixel height h is not obtained as
shown in the upper part in Fig. 13.

[0091] InFig.13,x1and x4 canbe regarded as a position where the liquid droplet comes into contact with the substrate,
i.e., the outer circumference of the liquid droplet. Therefore, a distance between x1 and x4 corresponds to diameter D
of the liquid droplet.

[0092] Control computer 11 creates an image | shown in Fig. 11(C), using image C shown in Fig. 11(A) and image F
shown in Fig. 11(B).

[0093] A pixel value i(x, y) of image | at the position (x, y) is set at "1" when c¢(x, y) = 1 is satisfied or when c(x, y) =0
and f(x, y) = 0 are satisfied, and is otherwise set at "0". In Figs. 11(A) to (C), the pixels having the pixel value of "1" are
indicated by white color and the pixels having the pixel value of "0" are indicated by black color.

[0094] Control computer 11 couples the pixels having the pixel value of" 1" in image | and obtains a circumscribed
quadrangle thereof. Control computer 11 calculates an average value of a lateral dimension H of the circumscribed
quadrangle and a longitudinal dimension V of the circumscribed quadrangle as diameter D.

[0095] In step S106, volume Vol of the liquid droplet, top height hp of the liquid droplet and radius R (= D/2) of the
liquid droplet have a relation shown in Fig. 12, and thus, control computer 11 substitutes top height hp detected in step
S104 and radius R calculated from diameter D detected in step S105 into the formula (1), to thereby calculate volume
Vol of the liquid droplet:

Vol = (1/6)r x hp x (3R? + hp?) - (1).

[0096] When the formula (1)is expressed using diameter D, the formula (1) can be expressed like the following formula
(2), using the relation of R = D/2:

Vol = (1/6)r x hp x §(3/4)D* + hp*} - (2).

[0097] As described above, according to the present embodiment, even when the height cannot be detected because
a contact angle is large at an edge of the ink and no interference fringe occurs due to a high viscosity ink, diameter D
can be obtained. Therefore, the volume of the liquid droplet of the ink can be calculated.

[0098] When the substrate is made of a metal having a high reflectivity and the like, the light transmitted through the
liquid droplet and reflected from the rear surface (i.e., substrate surface) is strong. Therefore, in the section x1 to x2 and
the section x3 to x4 shown in Fig. 13 as well, the interference fringe may have high contrast. In such a case, pixel value
f(x, y) and pixel height h(x, y) in the cross section of the liquid droplet is as shown in Fig. 14. That is, in the section x1
to x2 and the section x3 to x4 as well, modulation contrast mi exceeds threshold value T and f(x, y) = 1 is satisfied, and
thus, the pixel height can be obtained.

[0099] However, a distance of the light traveling through the liquid droplet is generally longer than a distance of the
light traveling in the air due to an influence of a refractive index of the ink. Therefore, the pixel height in the section x1
to x2 and the section x3 to x4 is detected to be lower than the actual height of the substrate surface (reference plane)
as shown in the upper part in Fig. 14. In such a case, diameter D of the liquid droplet is calculated using the method
described below.

[0100] Specifically, control computer 11 creates an image C shown in Fig. 15(A). A pixel value c¢(x, y) of image C at
the position (x, y) is set at "1" when height h(x, y) of the pixel (x, y) satisfies h(x, y) > havg + Ah (Ah > 0), and is otherwise
setat"0".

[0101] As to animage F shown in Fig. 15(B), a pixel value f(x, y) is changed to 0 when pixel value f(x, y) satisfies f(x,
y) = 1 and pixel height h(x, y) satisfies h(x, y) < havg - Ah2 (Ah2 > 0). Ah2 is a value prestored in control computer 11
and adjusted so as to allow extraction of the target area by a preliminary test and the like.

[0102] Control computer 11 creates an image | shown in Fig. 15(C), using image C shown in Fig. 15(A) and image F
shown in Fig. 15(B). A pixel value i(x, y) of image | at the position (X, y) is set at "1" when c(x, y) = 1 is satisfied or when
c(x, y) =0 and f(x, y) = 1 are satisfied, and is otherwise set at "0". In Figs. 15(A) to (C), the pixels having the pixel value
of "1" are indicated by white color and the pixels having the pixel value of "0" are indicated by black color.

[0103] Control computer 11 couples the pixels having the pixel value of "1" in image | and obtains a circumscribed
quadrangle thereof. Control computer 11 calculates an average value of a lateral dimension H of the circumscribed
quadrangle and a longitudinal dimension V of the circumscribed quadrangle as diameter D. Thereafter, the volume of
the liquid droplet of the ink is calculated using the formula (1) or the formula (2), as described above.
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(Modification)

[0104] The present invention is not limited to the above-described embodiment, and also includes, for example, a
modification described below.

(1) Top Height

[0105] Although control computer 11 extracts the pixel (xp, yp) having maximum h(x, y) as the top and subtracts
average height havg of the reference plane from height h(xp, yp), to thereby calculate top height hp in the above-described
embodiment, the present invention is not limited thereto.

[0106] Forexample, control computer 11 may extract the pixel (xp, yp) having maximum h(x, y) as the top and subtract
average height havg of the reference plane from an average value or a median value (median) of the pixel of the top
and nearby pixels centered at the top, to thereby calculate top height hp. The size of the nearby pixels may be set at,
for example, k (k > 3) pixels in the X direction and 1 (1 > 3) pixels in the Y direction.

(2) Diameter D

[0107] Although control computer 11 uses the average value of H and V as diameter D in the above-described em-
bodiment, the present invention is not limited thereto. Control computer 11 may use H as diameter D, or may use V as
diameter D.

[0108] Vol calculated as described above is compared with a threshold value T,,, and when Vol < T, is satisfied, the
ink is applied again. This operation is performed until Vol > T, is satisfied. As a result, a prescribed ink volume can be
ensured. However, when the number of times of application of the ink exceeds the specified number of times N, the
process is suspended and an alarm buzzer is sounded to inform the operator.

[0109] The operator checks the applied portion through monitor 12. For example, two points on monitor 12 are specified
with a mouse to measure diameter D of the applied ink, and when diameter D is larger than a prescribed value, the
applied ink is completely removed using cutting laser device 4. Thereafter, the ink application operation is restarted again.
[0110] It should be understood that the embodiment disclosed herein is illustrative and non-restrictive in every respect.
The scope of the presentinvention is defined by the terms of the claims, rather than the description above, and is intended
to include any modifications within the scope and meaning equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0111] 1 microscopic application apparatus; 2 observation optical system; 2a observation lens barrel; 3 CCD camera;
4 cutting laser device; 5 ink application mechanism; 6 light source for ink curing; 7 liquid crystal color filter substrate; 8
Z stage; 9 X stage; 10 Y stage; 11 control computer; 12 monitor; 13 operation panel; 15 movable plate; 16 objective
lens; 17 application unit; 18 application needle; 19 ink tank; 31 lens; 32 reference mirror; 33 beam splitter; 34 incident
light source; 35 filter switching device; 36 filter; 37 half mirror; 38 image-forming lens; 39 Mirau-type interference objective
lens.

Claims
1. A method of measuring a volume of a micro projection, the method comprising:

measuring a three-dimensional shape of the micro projection using white-light interferometry;

calculating a height of a reference plane using a height measured in the measuring the three-dimensional shape;
extracting a portion higher than the reference plane as a projection top portion of the micro projection;
detecting a height of the extracted projection top portion;

detecting, as a diameter, any one of a lateral dimension, a longitudinal dimension, and an average of the lateral
dimension and the longitudinal dimension of a circumscribed quadrangle in an area that constitutes the projection
top portion and a region having a height different from the height of the reference plane, the region including
or being in contact with the projection top portion; and

calculating the volume of the micro projection based on the height of the projection top portion and the diameter.

2. The method of measuring a volume of a micro projection according to claim 1, wherein
the region having the height different from the height of the reference plane is a height-undetected portion including
or being in contact with the projection top portion.
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The method of measuring a volume of a micro projection according to claim 1, wherein
the region having the height different from the height of the reference plane is a height-detected portion lower than
the reference plane, the height-detected portion including the projection top portion.

The method of measuring a volume of a micro projection according to any one of claims 1 to 3, wherein
the detecting the height includes detecting a maximum height of the projection top portion as the height of the
projection top portion.

The method of measuring a volume of a micro projection according to any one of claims 1 to 3, wherein
the detecting the height includes detecting, as the height of the projection top portion, an average height or a median
value of a highest portion of the projection top portion and a portion near the highest portion.

The method of measuring a volume of a micro projection according to any one of claims 1 to 5, wherein
the micro projection is a liquid droplet adhering to a substrate.

The method of measuring a volume of a micro projection according to claim 6, wherein
the liquid droplet is a liquid droplet formed on the substrate by any one of an application needle, an ink jet and a
dispenser.

A method of applying a liquid material, by causing a liquid material to adhere to a tip portion of an application needle,
arranging the application needle at a predetermined position above an object, moving down and up the application
needle and applying the liquid material onto the object, to form a liquid material layer made of the liquid material,
the method comprising:

measuring a three-dimensional shape of a micro projection using white-light interferometry;

comparing a height at which a first peak of an envelope of an interference light intensity is detected with a height
of areference plane, to extract a portion higher than the reference plane as a projection top portion of the micro
projection;

detecting a height of the extracted projection top portion;

detecting, as a diameter, any one of a lateral dimension, a longitudinal dimension, and an average of the lateral
dimension and the longitudinal dimension of a circumscribed quadrangle in an area that constitutes the projection
top portion and a region having a height different from the height of the reference plane, the region including
or being in contact with the projection top portion;

calculating a volume of the micro projection based on the height of the projection top portion and the diameter; and
when the volume calculated in the calculating the volume of the micro projection is smaller than a threshold
value, repeatedly applying the liquid material until the number of times of application exceeds the specified
number of times.

10
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